Abstract We evaluated the relationship between changes in bat distribution and climate in China over the past 50 years and examined whether the changes could be attributed to climate change. We used long-term distribution records for 17 bat species together with grey relational analysis, the fuzzy-set classification technique, a consistency index, and attribution methods. Over the past 50 years, bat species distributions have primarily shifted northward, and most of these changes are correlated with the thermal index. In response to climatic factors over the past 50 years, the ranges and distribution centers of particular bat species have shifted to the north or to the west. The observed and predicted changes in the distributions were highly consistent for certain species. Changes in the northern limit or the center of the distribution can be attributed to climate change for nearly half of the species studied.
Previous efforts to identify distributional shifts have detected changes in the distributions of bat species (Sachanowicz and Ciechanowski 2006; Lundy et al. 2010) . However, few studies have focused on detecting changes in the bat distributions and attributing these changes to climate alterations across multiple spatial and temporal scales.
Climate and other factors are known to influence the activity of bats. Furthermore, spatiotemporal variations in the activity of various bat species have been reported (Berková and Zukal 2010; Sherwin et al. 2013) . Range expansions of certain bat species have been linked to climate change (Lundy et al. 2010) , but the climatic factors that most strongly influence bat distributions remain unclear.
Numerous studies have considered the effects of future climate change on the behavior of bats (LaVal 2004; Welbergen et al. 2008; Adams and Hayes 2008) , and other studies have predicted the effects of climate change on the future distribution of bats (Rebelo et al. 2010; Hughes et al. 2012; Loeb and Winters 2013) . However, little of this work has focused on the effects of climate on bat distributions over the past 50 years.
If changes in bat distribution are indeed caused by temperature, then rapid climatic warming in the most recent 50 years should correspond to poleward and altitudinal shifts (Parmesan 2006) . However, many species have not exhibited changes in distribution in response to climate change (Parmesan and Yohe 2003; Parmesan 2006) . Additionally, the global climate has changed considerably over the past 100 years, yet changes in the distribution limits of bats have occurred only in the past 30 years (Sachanowicz and Ciechanowski 2006) . Thus, factors other than climate might determine the distribution limits of bats. Bat distribution is influenced by numerous factors, including climate and habitat (Rubidge et al. 2011) , water bodies and land use (Lundy et al. 2010) . Although studies have attempted to identify the relationships between bat distributions and various factors, insufficient data exist for detection and attribution of recent bat distribution changes across the globe to the effects of climate change. This analysis requires the use of long-term distribution records and a combination of methods.
China contains approximately 130 chiropteran species (Zhang 1997) . Over time, the distributions of certain species have changed (Li et al. 2012; Zhang et al. 2007 ). Although these changes in distribution might have resulted from climate change (Zhang et al. 2007 ), alternative explanations have been proposed (Song et al. 2012 ). This disagreement demonstrates that our understanding of the effects of climate change on bat distribution changes remains inadequate.
This study was conducted to detect changes in the distribution patterns of 17 bat species in China over the past 50 years and to confirm whether these changes can be attributed to climate change.
Methods

Bat distribution
The following bat species were selected for this study: brown rousette (Rousettus leschenaultii), greater horseshoe bat (Rhinolophus ferrumequinum), least horseshoe bat (Rhinolophus pusillus), woolly horseshoe bat (Rhinolophus luctus), king horseshoe bat (Rhinolophus rex), Pearson's horseshoe bat (Rhinolophus pearsonii), bicolored leaf-nosed bat (Hipposideros bicolor), Chinese horseshoe bat (Coelops frithiii), eastern bat (Vespertilio sinensis), great evening bat (Ia io), lesser club-footed bat (Tylonycteris pachypus), greater bamboo bat (Tylonycteris robustula), brown long-eared bat (Plecotus auritus), little tube-nosed bat (Murina aurata), Hodgson's bat (Myotis formosus), Rickett's big-footed bat (Myotis pilosus) and fraternal myotis bat (Myotis frater). These species were chosen because complete point-distribution data are available. Additionally, records suggest recent changes in the distributions of these species (Appendix A in Supplementary Materials). Such records are crucial for determining distributional changes. Data sources included national-level distribution data and records from field investigations, sampling reports, the China animal database (http://www.zoology.csdb.cn), fauna atlases, the economically important fauna handbook, local or regional distribution records from censuses, and collections at the regional, provincial, district, county, and township levels (Appendix A in Supplementary Materials). Additionally, records of certain bat distributions from natural area investigations and observations were used (Appendix A).
Bat distributions were determined for the periods prior to 1951 and from 1951 to 2010. The time series distribution records for each species were divided into decadal intervals: 1951 to 1960, 1961 to 1970, 1971 to 1980, 1981 to 1990, 1991 to 2000, and 2001 to 2010 . The distribution records from 1951 to 1960 were used to calculate the parameters of the prediction model, and the records from 1961 to 2010 were used to detect changes in the distributions. Records prior to 1951 served as auxiliary data to improve the accuracy of the 1951-1960 records.
The bat survey data were collected at various scales, and many distribution records used an approximate location or were found in a gazetteer (i.e., the records lacked exact longitude and latitude). Therefore, all of the distribution records were geo-referenced to precise longitudes and latitudes. To improve the precision of the geo-referencing processes, we used an index of the Atlas of the People's Republic of China (from the The Research Institute of Toponomy, Chinese State Bureau of Surveying and Mapping 1997) to interpolate the longitude and latitude records of every bat species distribution in China for each decade based on sightings or entries in a gazetteer index that lacked coordinates.
To reduce spatial and temporal error in the samples, we removed sites with highly uncertain locations or with multiple entries that referenced the same specimen, and questionable distribution information was crosschecked and corrected in the records by comparing similarities in climate, vegetation and human activity (Appendix B). We corrected for bias in the presence or absence of bat distribution data using a geographical sketch of China as well as fauna checklists and provincial mammal checklists of China (Appendix B in Supplementary Materials). Additionally, we inferred absences over large areas using expert-drawn outlines of bat species distributions from Chinese wildlife atlases and handbooks (Xia 1988) . This process generated approximately 1200 unique records with exact distribution information for each species in the database. Because discrepancies occurred with respect to the current distributions of particular bats across data sources, the distribution boundary was defined as an α-hull
Climate change
We determined the mean annual temperature, mean temperature in January and July, sum of the cumulative temperatures greater than 0°C, minimum temperature in the coldest month, maximum temperature in the warmest month, and the annual precipitation and Holdridge index (Holdridge 1967; Zhang 1993) , including the mean annual bio-temperature (BT) and annual potential evapotranspiration rate (PER) (Appendix C in Supplementary Materials). (Burgman and Fox 2003) . Because the data reflected only presence information, pseudo-absences were generated as in Zaniewski et al. (2002) .
Climatic data for the previous 60 years in China were provided by the climate center of the Chinese Administration of Meteorology in the form of 17,625 grid cells with a resolution of 0.5°× 0.5°(http://cdc.cma.gov.cn; China climate change bulletin, Chinese Administration of Meteorology 2014). Climatic variables were generated for each bat distribution point and each decade (Appendix C in Supplementary Materials).
Correlations between changes in bat distributions and climatic factors
To analyze how the bat distributions changed with climate, coordinates were calculated for the northern, southern, western and eastern limits and the center of each distribution. The limits were calculated based on the coordinates of the outermost 5 % of occupied grid cells, which were considered to denote the limit of a species range, whereas the center coordinates for the distribution were determined using the occupied grid cells. Changes in the range margin between any two decadal survey periods (e.g., 1981 to 1990 vs. 1991 to 2000) were estimated based on changes in the mean longitude and latitude of the 5 % distributional boundary of the occupied grid cells. Changes in the center of a distribution between any two survey periods were estimated based on changes in the center coordinates of all occupied grid cells for the distribution of each bat species. Grey relational analysis (GRA) is used to identify the relationship between a reference sequence and a comparative sequence by calculating the degree of grey incidence (DGI). This technique is appropriate for determining similarities or differences among multiple factors and comparing different time-series datasets (Deng 1987) . The DGI method can be used with incomplete datasets and special distribution limits, even if the data do not meet the statistical requirements of other methods. Because of the errors that conventional statistical analyses would generate for small sample sizes or non-normal distributions (Deng 1987) , we applied GRA to analyze the DGI of changes in bat distributions and climatic factors. The DGI reflects the correlation between changes in individual climatic factors and changes in the distribution of bats. Generally, a DGI ≥ 0.7 is considered a strong correlation, 0.7 > DGI ≥ 0.5 signals a moderate correlation, and DGI < 0.5 indicates a weak correlation (Deng 1987 ) (see Appendix D in Supplementary Materials).
Changes in bat distributions driven by climatic factors
The fuzzy envelope model can be used to predict the potential distribution of organisms using presence-only locality records and a set of environmental predictor variables (Robertson et al. 2004 ). Accordingly, fuzzy-set classification techniques were used to predict bat distributions driven by climatic factors. First, membership functions of the fuzzy Cauchy distribution for different climatic factors were constructed based on the suitability of climate variables for bat survival and generation. Second, the suitability of every climatic factor for bats in each grid cell was calculated using the membership function. Third, the total membership of various climatic factors was computed by multiplying the sum of the weighting coefficients by the membership of each climatic factor. Fourth, a multivariate set representing the potential distribution of organisms was produced using the total membership (see Appendix E in the Supplementary Materials).
The accuracy of the models was evaluated using the kappa statistic (k). Presence and absence data based on distribution records from 1951 to 1960 were used as the baseline, and the predicted and observed presence and absence records from 1961 to 1970 were used as an independent dataset for evaluating model performance (Robertson et al. 2004 ) (Appendix E).
Species distribution maps were created in ArcGIS (Vers. 9.2 for Windows, Esri Corp., 2008) according to the following criteria: membership of 0.61-1.00 was deemed suitable for bat survival, and membership of 0.00-0.60 was deemed unsuitable for bat survival. The data were presented in the point-coverage format in ArcGIS. To reduce bias, we used a maximum likelihood approach based on a logistical regression to fit a species distribution model and to estimate the historical probability of occurrence for each bat using presence-only data (the Maxlike method, as suggested by Royle et al. 2012 ).
Consistency between observed vs. predicted changes in distributions
Conventional statistical analyses of this dataset would generate large errors as a result of small sample sizes and non-normal distributions (Deng 1987) . Therefore, we defined the consistency index of the observed versus predicted changes in the distributions of bat species based on the DGI of the time series. To analyze the consistency index, we first calculated the observed and predicted changes in bat distributions using time series data from 1961 to 2010. The northern, southern, western and eastern range limits were the average of the coordinates of the outermost 5 % of the occupied grid cells, and the center coordinates of the distribution were the average coordinates of all occupied grid cells. We subsequently analyzed the DGI of the observed and predicted ranges over the past 50 years using the time-series data for the observed and predicted changes in bat distributions (Deng 1987) , which represented the consistency index of the observed versus predicted changes in bat distributions. A higher consistency index indicates a higher shape-based consistency between the observed and predicted changes in distribution. A consistency index ≥0.7 indicates marked consistency, a consistency index ≥0.5 but <0.7 indicates noticeable consistency, and a consistency index <0.5 indicates minor consistency (Deng 1987 ) (Appendix G in Supplementary Materials).
Attribution of the changes in bat distributions
The observed changes in bat distributions cannot be attributed to climate change if: 1) there is no change in the observed or predicted distributions based on climatic factors, 2) there is no consistency between the observed versus predicted changes in distributions, or 3) there is a poor relationship between the observed changes in distributions and the changes in climatic factors. Therefore, the degree of attribution to climate change of the changes in bat distribution (A ij ) was defined as a function of the observed changes in distribution (O ij ), the correlation between climatic factors and changes in distribution (R ij ), the predicted changes in the distribution (S ij ), and the consistency between the observed versus predicted distributions (C ij ). We assume that O ij , R ij , S ij , and C ij have equal importance and that all are required to determineA ij . Mathematically, this relationship is expressed as follows:
For details on the calculation ofA ij , O ij , R ij , S ij , and C ij , refer to Appendix H in the Supplementary Materials.
If A ij is less than 1 but greater than 0, the observed and predicted changes in bat distribution will be minor; if A ij is greater than 1, the changes in bat distribution can be clearly attributed to climate change; and if A ij is less than or equal to 0, changes in bat distribution cannot be attributed to climate change(see Appendix H in the Supplementary Materials for details).
Results
Changes in bat distributions
Bat distributions were found to vary by decade and by species ( Figs. 1 and 2 ; Table S12 and Fig. S5 in Appendices F). Among the 17 bat species, the northern distribution limits of 14 species shifted north, the southern distribution limits of 5 species shifted south, the western distribution limits of 4 species shifted west, and the eastern distribution limits of 4 species shifted east. In addition, the distribution center coordinates shifted northward for 7 species, eastward for 4 species and westward for 4 species ( Figs. 1 and 2 ; Table S12 and Fig. S5 in Appendices F).
Correlations between changes in bat distributions and climatic factors
The DGI values relating latitudinal changes in distribution limits to climatic factors varied ( Fig. 3 ; Appendix Table S3 ). Changes in the southern limits were primarily related to changes in the thermal index (10 species), PER (3 species), or precipitation (4 species). For 16 species, changes in the northern limits were related to changes in the temperature-related index, whereas changes for other species were related to precipitation ( Fig. 3 ; Appendix Table S3 ).
The DGI values relating changes in the eastern or western limits to climatic factors also varied ( Fig. 3 ; Appendix Table S4 ). Changes in the eastern limits of 15 species were related to changes in the temperature-related index, whereas changes in the limits of 2 species were related to changes in precipitation. For 12 species, changes in the western limit were primarily related to the temperature-related index, whereas changes for other species were related to the PER ( Fig. 3 ; Appendix Table S4 ).
The DGI values between the center coordinates of the distributions and climatic factors are shown in Fig. 3 and F and in Table S5 in the Supplementary Materials. Changes in the central longitude coordinate of the distribution for 9 species were primarily related to changes in the temperature-related index; the change for 1 species was related to precipitation, and changes for 7 species were related to changes in the PER. Changes in the center latitude coordinate of the distribution were primarily related to changes in the temperature-related index for 13 species, whereas those changes were mainly related to changes in precipitation for 1 species and changes in PER for 3 species.
Changes in bat distribution driven by climatic factors
In response to climate changes over the past 50 years, the northern distribution limit shifted northward for 10 species, the southern limit shifted northward for 3 species and southward for 1 species, the western limit shifted westward for 6 species, the eastern limit shifted eastward for 2 species, and the distribution center coordinates shifted northward for 14 species, distinctly westward for 9 species, and distinctly eastward for 1 species (with fluctuations) (Figs. 2 and Fig. 4 ; Table S12; Fig. S2, Fig. S3, Fig. S4 and Fig. S6 in the Supplementary Materials).
Consistency between observed vs. predicted changes in distributions
The consistency index for the observed and predicted changes in the ranges of different bats over the past 50 years varied among species ( Fig. 5 ; Table S13 in the Supplementary Materials). The consistency index was greater than 0.7 for 4 species for the central latitude coordinate of the distributions, for 2 species for the central longitude coordinate, for 3 species for the southern boundary, for 5 species for the northern boundary, for 6 species for the eastern boundary, and for 2 species for the western boundary ( Fig. 5 ; Table S13 ). These observed changes were highly consistent with the predicted changes in the distributions of those bat species over the past 50 years. 
Attribution of observed changes in bat distribution
Certain changes in the central latitude and longitude and in the southern, northern, western and eastern boundaries of the bat distributions can be attributed to climate change ( Fig. 6 ; Table S14 in the Supplementary Materials). Specifically, the degree of attribution was greater than 1 for 10 species for the changes in the central latitude of the distributions, for 9 species for the northern boundary change, for 2 species for the central longitude change, for 3 species for western boundary change, and for 4 species for the eastern boundary change ( Fig. 6 ; Table S14 ). Thus, these changes in bat distribution can be attributed to climate change.
Discussion
The northern limits of more than half of the 17 bat species studied were observed to expand northward, and distribution centers of certain species also shifted northward ( Figs. 1 and 2 ; Table S12 and Fig. S5 in the Supplementary Materials). These results are consistent with studies of other bats (Lundy et al. 2010) . Changes in other directions were also detected, a finding that is also in agreement with previous results (Lenoir and Svenning 2014) . These results suggest that directions other than north should be considered because of the variability among species.
The observed ranges of bats could be biased by differences in observation density or investigation frequency from past to present. In our study, monitoring efforts did not expand to the north or in any other direction, and the observed changes in bat distribution do not match Notes: T1, T2, T3, T4, T5, T6, T7, T8 and T9 represent the mean annual air temperature, mean air temperature in January, mean air temperature in July, highest temperature in warmest month, lowest temperature in coldest month, sums of cumulative temperature above 0°C, annual precipitation, BT and PER, respectively. DGI represents the degree of grey incidence the geographic direction of monitoring efforts in China (Appendix B). For example, certain bat species that exhibited the largest southward shift showed that these bat species distributed in the southeast in fact have shifted their southern range (Fig. 2) . Furthermore, the center latitude of certain bat species has moved northward to a greater extent than the shift in the northern 1960s, 1970s, 1980s, 1990s and 2000s as driven by climatic factors boundary of those species (Fig. 6) . These changes are the opposite of what would be expected from increased monitoring efforts. In addition, the new records for bat distribution are not a consequence of new sampling in areas that were not previously sampled. Therefore, the observed changes in bat distribution did not result from increased monitoring. We have corrected for possible sampling errors by identifying Bpioneering^expansions of distribution boundaries that do not apply to the entire range or by comparing the differences between new occurrence records and the presence and absence information or the distribution boundaries within broad geographic regions over time (Tingley and Beissinger 2009) . These efforts reduced the sampling bias.
Selected studies have reported that past annual temperature changes significantly affected bat distributions (LaVal 2004; Lundy et al. 2010; Sherwin et al. 2013) , whereas others have concluded that summer conditions play an important role (Ulrich et al. 2007; Loeb and Winters Fig. 5 Species number with different consistency index of the observed and predicted changes in the center latitude, southern boundary, northern boundary, center longitude, western boundary or eastern boundary of the distribution of bats. Notes: The x-axis indicates CI (consistency index of observed vs. predicted changes in bat distributions) 2013). In China, the sum of cumulative temperatures greater than 0°C, temperatures in January and July, annual rainfall and relative humidity all influence bat distributions (Li et al. 2005 ). In our study, shifts in the northern boundary and the center of the distribution for the majority of bat species and changes in the southern, western or eastern boundaries of several species all mimicked the trends in temperature or temperature-based factors. Adams and Hayes (2008) demonstrated that water availability and successful lactation in bats were related to climate change in arid regions. The distribution changes of certain bat species in our study were related to precipitation change. However, these changes in range were small, and trends in annual precipitation fluctuated through time; thus, the changes in distribution are unlikely to reflect strong precipitation effects.
Our study suggests that the boundaries and the centers of distribution for particular bat species have primarily shifted northward or westward and that these changes were driven by climatic factors. However, the fuzzy-set classification techniques used to predict changes in bat distributions assume that a type of equilibrium occurred in the environmental niche. The plausibility of this assumption depends on the model scale and species dispersal ability and history (Araújo and Pearson 2005) . Because of the long-term stability of bat distributions before 1951 and between 1951 and 1960 (Allen 1938 , 1940 Zheng and Zhang 1959; Shou 1962; Xia 1964) , we can infer that equilibrium occurred between bat distributions and If the attribution value is less than 1 but greater than 0, the observed and predicted changes in bat distribution will be minor. If the attribution value is greater than 1, the changes in bat distribution can be clearly attributed to climate change, and if the attribution value is less than or equal to 0, the changes in bat distribution cannot be attributed to climate change environmental factors. Thus, certain bats might have altered their behavior in response to climate warming (Ulrich et al. 2007; Sherwin et al. 2013) , but the response might be not sufficiently rapid to detect (Baronsky et al. 2003) .
The consistency index can provide information crucial to the detection and attribution of observed changes in bat distributions. However, the index does not fully explain the observed distribution changes because of errors or bias in the observations and predictions. In our study, a comparison between Figs. 1 and 4 or between Fig. S5 and Fig. S6 shows that the observed changes in certain bat distributions appear to be larger or smaller than the changes in suitable climate conditions, possibly because the predicted distribution changes are driven only by climatic factors, whereas the observed distributions are determined by additional factors (Pearson and Dawson 2003; Guisan and Thuiller 2005) . In addition, sample bias, data errors, or land-use changes as well as model performance bias or data errors could affect the accuracy of the predicted changes in bat distributions, which would have a corresponding influence on the consistency index. Many factors must be considered in detection and attribution of changes in bat distributions to the effects of climate change.
Climate-driven changes to the distribution center, northern boundary or eastern boundary might be related to such species-specific factors as body size, geographic range size, agility, habitat preferences, and foraging and roosting habitats (Table S15 in Appendix I). The species that exhibited northward shifts share certain characteristics: they are insectivorous or frugivorous species that are usually distributed in tropical and subtropical evergreen rainforest or evergreen broadleaf forest zones with warm and humid climates; they live gregariously in limestone caves, moist caves, or buildings, and usually hibernate; and they have large body size, broad geographic range size, and high agility (Smith and Xie 2009). The length of hibernation and feeding activity and abundance of food (Turbill 2008) are crucial for bat distributions. The species are sensitive to climate factors that influence food and hibernation (McCain 2007) . Therefore, changes in climate conditions produce changes in access to food, timing of hibernation, reproduction and development, frequency and duration of torpor, rate of energy expenditure (Lučan et al. 2013 ), length of hibernation and feeding, and microclimates of cave or building habitat (Sherwin et al. 2013) . A contrasting example is the Chinese horseshoe bat, which did not change its distribution because of other factors related to foraging and roosting habitats (Sherwin et al. 2013 ). This species is usually distributed in tropical Southeast Asia, where it is mostly found in narrow-leaved forests or low-elevation mixed species to adjust its range in response to climate change. Therefore, biological or ecological traits of species might influence the response of the distribution to climate change.
Attribution to climate change must examine all relevant drivers and evaluate their contributions to the detected change (Parmesan et al. 2013) . The relationship between bat distribution and climate change presented in this study also might be related to land-use changes (Appendix J). In our study, large changes were observed in the northern, southern, and western boundaries, and in the distribution center of certain bat species with an attribution value less than 1 (Figs. 2 and 6; Table S12 and Table S14 in the Supplementary Materials). Additionally, the observed changes in the distribution boundaries or centers for certain species were quite small, and the corresponding attribution value was low (Figs. 2 and 6; Table S12 and Table S14 ). In these cases, the observed changes could be due to land-use change. Land-use change causes habitat loss or fragmentation for selected species (Rowe 2007; Cisneros et al. 2014) . In China, arable land tended to increase overall from 1933 to 1952. In the late 1950s, certain areas of arable land showed a decreasing forests in natural caves and artificial tunnels, particularly in karst or volcanic lava caves or red-layer topography (Smith and Xie 2009). These characteristics might limit the ability of the trend. Beginning in 1949, following many years of decrease, forest area gradually increased (Ge and Dai 2005) . From 1960 to the 1990s, cultivated, forest, horticultural, settlement, mining, and transportation land covers all increased, whereas grasslands, uncultivated arable land, wetlands and unused land all decreased (Ge et al., 2000) . Over the past 20 years, land-use changes have varied greatly (Liu et al. 2002 (Liu et al. , 2014 . This changing land use has resulted in reduction or fragmentation of the habitat of selected species. Therefore, the observed changes in distribution could have been driven by land-use change. However, when spatial and temporal changes in distribution are not consistent with land-use change, the observed changes in distribution might not have a strong relationship with land-use change. In our study, the observed changes in the boundaries or centers of distribution of a subset of bat species were small, whereas the attribution values were high (Figs. 2 and 6; Table S12 and Table S14 in the Supplementary Materials). In contrast, the observed changes in the northern or eastern boundaries or centers of distribution of certain species were high with high attribution values ( Figs. 2 and 6 ; Table S12 and  Table S14 ). In both cases, the observed changes are highly consistent with climate change. However, climate change appears to trend from south to north in China, but land-use change does not present a similar trend. Thus, climate and land-use changes have different effects on bat distribution, and the spatial and temporal patterns of changes observed in bat distributions do not match the pattern we would expect from land-use change. We conclude that the observed changes in bat distributions are primarily driven by climate change rather than land use, although land-use change will affect bat distributions via habitat fragmentation. These results suggest that the attribution value reflects the effects of climate change on bat distributions but also indirectly reflects the effects of other factors.
The changes in the geographic pattern of bats suggest that concerns related to conservation, public health or commercial importance should be considered. Certain bat species (such as the greater horseshoe bat, least horseshoe bat, woolly horseshoe bat, king horseshoe bat, Pearson's horseshoe bat, Chinese horseshoe bat, great evening bat, lesser club-footed bat, greater bamboo bat and fraternal myotis) are endangered or vulnerable. Changes in the distribution of these species will require protection of them in their new ranges. Additionally, other bat species (such as the brown rousette, little tube-nosed bat and bicolored leaf-nosed bat) are carriers or disseminators of disease (e.g., brown rousettes carry the Ross River virus, and bicolored leaf-nosed bats carry Japanese encephalitis). Thus, changes in the distributions of these species will also expand the areas in which these diseases pose a risk to humans. Therefore, measures should be taken to control disease risk in the new ranges of these species. Additionally, selected bat species (such as the eastern bat, brown long-eared bat, Hodgson's bat and Rickett's big-footed bat) are important commercially, and changes in their distributions might have economic benefits.
